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Abstract 
In the paper, a new approach was  presented for the recognition of RNA molecules structual domains. Our 
method based on weakly self-affine functions allows to segmenting of the signal into parts and gives segmentation 
marks which are multifractally homogeneous. We use  the method to estimate multifractal spectra for recognition of 
23S rRNA structual domains. It is  shown that 23S rRNA structual Domains are visually almost indistinguishable. 
The segmentation is relevant since the marks almost perfectly coincide with the six structual domains of 23S rRNA 
secondary structure. 
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1. Introduction
Ribosomal ribonucleic acid (rRNA) is the RNA component of the ribosome, the protein manufacturing
organelle of all living cells. It provides a mechanism for decoding mRNA into amino acids and interacts 
with tRNAs during translation by providing peptidyl transferase activity, and brings the necessary amino 
acids corresponding to the appropriate mRNA codon. 
Ribosomal RNA characteristics are important in medicine and in evolution. rRNA is the target of 
several clinically relevant antibiotics such as chloramphenicol, erythromycin, kasugamycin, and  is the 
one of the only genes present in all cells.[1] Genes that encode the rRNA (rDNA) are sequenced to 
identify an organism’s taxonomic group, calculate related groups, and estimate rates of species 
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divergence, and many thousands of rRNA sequences are known and stored in specialized databases such 
as RDP-II [2] and SILVA.[3] 
In the paper a new approach is  presented for the identification of RNA molecules second structural 
domains. We use weakly self-affine functions (WSA)[4] to segment of the signal into parts and give 
segmentation marks which are multifractally homogeneous, estimate multifractal spectra for identification 
of 23S rRNA second structural domains. WSA functions for irregular signals are versatile enough to 
model a wide variety of signals, which have sufficient structure for computing their multifractal spectrum 
and Hōlder exponents. 
2. Materials  
2.1 23S rRNA structual Domains 
We below show summary data for large and small subunits of bacterial and eukaryotic ribosomes, for 
the 70S and 80S types and their large (50S and 60S) and small (30S and 40S) subunits [5-7]. The RNA 
components and approximate number of proteins are listed next to each subunit.  
The large rRNAs from the two ribosomal subunits can be subdivided into distinct regions, or domains, 
on the basis of their secondary structure[8-9]. The 23S  rRNA is divided into 6 different domains made up 
of RNA elements from domains indicating domains I, II, III, IV, V, and VI. The organization of the 
domains in the two subunits is strikingly different; this suggests that they are designed to move relative to 
one another during protein synthesis. Certain nucleotide stretches in the rRNAs are conserved across all 
species; these are the regions most critical to ribosome function [10]. 
2.2. Representation of RNA Secondary Structure  
The secondary structure of RNA is formed by aggregation of base pairs of purine and pyrimidine bases. 
G and C, respectively A and U are complementary bases which can form strong hydrogen bonds, a 
weaker base pair, often referenced as “wobble” base pair, is also possible between G and U. There are 
secondary structure representations. 
2.2.1.  Classic Secondary Structure Representation 
A secondary structure S is formally defined as the set of all base pairs ( , )i j with i jp  such that for 
any two base pairs ( , )i j  and ( , )k l with i k≤  the two following conditions hold:
1： i k=  if and only if j l= . 
2：  there are no knots or pseudo knots allowed. For any two base pairs ( , )i j  and ( , )k l  the 
condition i k l jp p p  or k l j ip p p  must be satisfied.  
2.2.2.Mountain Plot Representation 
The secondary structure of RNA is formed by aggregation of pairs of purine and pyrimidine bases. G 
and C, and A and U are complementary bases which can form strong hydrogen bonds, and a weaker base 
pairing, often referred to as “wobble” pairing, is also possible between G and U. One of useful ways of 
representing RNA’s secondary structure is a mountain plot [11]. In such plots, the 5’ and 3’ sides of stems 
appear as uphill and downhill slopes, respectively, whereas plateaus indicate unpaired regions. Mountain 
plots can be compared easily and are convenient for display of additional information. 
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3. Methods 
3.1. Weakly Self-Affine (WSA) functions 
The iterated function system (IFS) is its well-known model [12] in The Signal representations, where 
one tries to find whose attractor is close to the given signal. Generalized iterated function systems (GIFS) 
provide a non-representation of signals [13]. The systems is extensions of IFS where the contractions, 
their number and their support vary at each iteration of the attractor generation process to be were 
designed to construct functions with prescribed local Hölder regularity. WSA functions are defined as 
generalizations of self-similar functions [14]. It has been shown that a multifractal formalism is valid for 
WSA functions; and the multifractal spectrum of WSA functions can be computed. The Hausdorff, Large 
Deviation and Legendre multifractal spectra coincide, are concave, and can be computed easily. 
For a discrete signal { ( ), 0, , 2 1}Jf m m = −L  represented by RNA structure mountain plot, we 
used a WSA function to developed a practical technique for signal 2L -approximation. To find the 
parameters of the WSA function that yields the best 2L -approximation of f ,  we consider a simplified 
solution used an effcient algorithm based on a wavelet decomposition of f . Let Φ  be a scaling function, 
the corresponding wavelet and n
kw  the wavelet coeffcients of the signal f : 
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3.2. signal segmemtation algorithm  
Consider the dyadic tree of depth J where, by convention, the root node is at level 0 and the leaf nodes 
are at level 1J − .  The nodes at each level {0, , 1}j J∈ −K , are labeled from left to right as 
( , )l j with 0, , 2 1jl = −K . We associate the coefficient jlc  with each node ( , )l j , such that 0j j> . 
The segmentation algorithm is based on the fact that the sub-tree descending from a node ( , )l j  
completely determines the restriction of f to ( , ) { 2 , , ( 1)2 1}J j J jI l j l l− −= + −K . The idea is to 
define and measure the error associated with each node ( , )l j  by the 2L  distance between the restriction 
of the original signal to ( , )I l j  and this restriction’s representation by a single WSA function. Starting 
from the root node, which corresponds to a single WSA function for the whole signal, we split the tree 
recursively until, for each subtree, the error falls below predefined thresholdε . for each node ( , )l j  and 
each ,n j>  we associate the set of integers ( , , ) { 2 , , ( 1)2 1}n j n jI l j n l l− −= + −K and we denote 
by ( , )ni l jλ  a ratio of sums similar to the one which the indices are determined 
by 2( ( , , ), 1).
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where σ  is a non-decreasing positive function; ( , )e l j  is our error function and the function σ  is 
introduced to compensate for the fact that errors introduced at coarser scales are more important than at 
finer scales.  
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We can now write our segmentation algorithm:  
• 1: Fix an 0ε >  
• 2: node = root node; (this is the initialization) 
• 3: function segmentation (node) 
• 4: Begin  
• 5: ( , )l j =label of node; 
• 6: If ( , )e l j ε< , then: 
• 7: { ( ), ( , , )}f m m I l j J∈  is approximated by the WSA function defined by 
{ ( , ), 1, , 1, 0,1}ni l j n j J iλ = + − =K  
• 8: else 
• 9: segmentation (left of node); 
• 10: segmentation (right of node); 
• 11: End 
This algorithm ends up segmenting f into consecutive parts, each well represented by a WSA function. 
In a sense, this method is a segmentation device of a new type: instead of cutting the original signal into 
parts which are homogeneous with respect to a classical criterion, we use a criterion based on multifractal 
stationarity; each segment has a well-defined multiplicative structure. 
3.3. Multifractal Spectrum Estimation 
Let’s suppose that we want to estimate spectrum ( )d α  of signal f . The WSA representation yields a 
semi-parametric method through the procedure presented. First, we segment f  into homogeneous parts 
using the algorithm described in the previous section. Each part iP , 1, ,i p= L  is well represented by a 
single WSA function iF . Since we know the parameters of iF , we can derive its spectrum id  analytically. 
There is a finite number of segments, so the dimension ( )d α  associated with the Hòlder exponent α for 
the whole signal will be the maximum of ( )id α ; 1, ,i p= L . Thus, the semi-parametric estimation of 
( )d α  using the WSA representation is 
1, ,
ˆ( ) max ( )i
i p
d dα α
=
=
L
. While each id  is concave, this will not be the 
case for dˆ  in general.  
It is important to note that, for a given 0σ f , it is easy to construct two functions 1f and 2f  such 
that 1 2f f σ∞− p , but the multifractal spectra of 1f and 2f  are totally different. Therefore, one cannot 
generalize that the multifractal spectrum of the original signal will be close to the one of the 
approximating WSA signal. However, in most applications, we are only interested in the spectrum d% that 
can be estimated at the available resolution n . If two sampled signals 1
nf and 2
nf  are such 
that 1 2
n nf f σ
∞
− p , then the corresponding estimated spectra must also be close to each other. 
4. Result
We applied the method to estimate multifractal spectra for the recognition of  23S rRNA structual 
domains identification. The signal contains 2904 samples, we set 0 4j =  and used the Daubechies 
12wavelet. we set 2( )j jσ = , With a threshold of 9 we get 6 segmentations. Using a threshold of 5ε =  
yields a modeling with three WSA functions, where 68% of the coefficients are processed. As can be seen 
in Fig. 23S rRNA functional domains identification, the original signal and the model are visually almost 
indistinguishable. More importantly, they are the same. In addition, the segmentation (see full vertical red 
lines) is relevant since the marks almost perfectly coincide with the three functional domains of 23S 
rRNA secondary structure. The slight discrepancy between the position of the segmentation marks and 
the exact location of the units is due to the fact that, in the current implementation, the marks are 
restricted to be on dyadic points.  
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 (a)  segment                                                                               (b)  Hölder axponent 
Fig. (a): Original log of 23S rRNA secondary structure (blue shades), its WSA approximation using three segments (green shades) 
and the segmentation marks (full vertical red lines). (b): estimated spectrum for each segment. The estimated spectrum of the whole 
log is the upper envelope of the curves corresponding to each segment 
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